Background: To assess differences in marginal bone loss in implants placed at subcrestal versus crestal level. Methods: An electronic and a manual research of articles written in English from Jaunary 2010 to January 2018 was performed by two independent reviewers. Clinical trials comparing bone loss for implants placed at crestal and subcrestal level were included. Pooled estimates from comparable studies were analyzed using a continuous random-effects model meta-analysis with the objective of assessing differences in crestal bone loss between the two vertical positions. Results: 16 studies were included; 10 studies did not encounter statistically significant differences between the two groups with respect to bone loss. Three articles found greater bone loss in subcrestal implants; while 3 found more bone loss in crestal implants. A meta-analysis for randomized control trial (RCT) studies reported an average and non-statistically different crestal bone loss of 0.028 mm. Conclusions: A high survival rate and a comparable bone loss was obtained both for crestal and subcrestal implants' placement. Quantitative analysis considering a homogenous sample confirms that both vertical positions are equally valid in terms of perimplant bone loss. However, with respect to soft tissue; in presence of a thin tissue; a subcrestal placement of the implant should be preferred as it may reduce the probability for the implant to become exposed in the future and thus avoid the risk of suffering from peri-implant pathologies.
Introduction
Dental implants have become the preferred choice for the replacement of missing teeth. The five-year success rate of dental implants has increased from 93.5% to 97.1% within the past decade, with a higher survival and a lower complication rate [1] . Patients increasingly require treatments that offer more aesthetics and comfort, making implantology a demanding field, where, obtaining osseointegration or meeting the success criteria of implants highlighted by Buser et al. in the 1990s [2] , such as lack of pain and infection, absence of radiolucency and mobility and possibility of restoration, is no longer considered a sufficient condition.
Research in the area of implantology has been evolving substantively. Scientists begin to devote their attention to physical and chemical properties of the implants; on creating different types of surfaces and degrees of roughness [3, 4] with the objective of reducing the healing time to achieve secondary stability [4, 5] . Furthermore, researchers have also focused, among others aspects, on finding
Materials and Methods
The literature considered for this systematic review is based on the PRISMA' (Preferred Reporting Items for Systematic Review) [19] guidelines and aims at answering the following specific question built on the PICO (Population, Intervention, Control, Outcomes) format [20] . For patients treated with dental implants, are there differences between subcrestal and crestal implants placement with respect to marginal bone loss?
(P) Population: Patients treated with dental implants. (I) Intervention: Implant placement at the subcrestal bone level.
(C) Control: Implant placement at the crestal bone level.
(O) Outcome: Bone loss around implants placed at subcrestal and crestal level.
Inclusion and Exclusion Criteria
Inclusion criteria: recent human clinical studies, comparing bone loss in implants placed with different vertical positions, at crestal level and subcrestal level. A follow-up period of at least one month in implants placed in one stage and six months in implants placed in two stages.
Exclusion criteria: articles published in languages other than English. Articles analyzing uniquely a type of placement (crestal or subcrestal). Articles published before 2010.
Search Strategy and Selection of Studies
An electronic search was carried out in PubMed/MEDLINE. The terms used in this search were: "subcrestal placement and crestal placement implants", "bone loss in implants placed crestal-subcrestal", "subcrestal implants crestal implants". A manual search was carried out on the obtained articles, in order to find more articles meeting the inclusion criteria.
Two reviewers (N.P.G. and J.L.L.) assessed independently all titles and abstracts obtained from the electronic search in order to reach a consensus on the decision to exclude or admit each study.
Data Extraction
Given the high degree of heterogeneity characterizing the studies included in the review, a meticulous analysis of the data was carried out in order to compare them. We extracted information about patients (age, gender, number of implants placed, number of patients treated), characteristics of the implants and surgical techniques adopted; whether the abutment was placed in a second procedure (two stages/submerged) versus implants in which the abutment was placed immediately (one stage/non-submerged); loading of the implants: delayed versus immediate loading; the type of prosthesis, timing of implant placement (alveolar socket healing versus immediate post extraction); and follow-up period, the survival rate of the implants and bone loss. Regarding the soft tissue, different parameters were analyzed: probing pocket depth, bleeding on probing, modified plaque index, modified gingival index, keratinized tissue, vertical mucosa thickness and histological analysis.
Methodological Quality of Each Study
Each study was evaluated using the Jadad scale [21] , this evaluation method consists of assessing the methodological quality of the clinical trials. The score goes from 0 to 5, being 0-2 of low quality, 3 of medium quality and 4-5 of high quality.
Statistical Analysis
Pooled estimates from the studies were analyzed using a continuous random-effects model meta-analysis. The variable analyzed was crestal bone loss of implants placed at a crestal and at a subcrestal level. Forest plots were produced to represent graphically the difference in outcomes of crestal bone loss. p-value = 0.05 was chosen to determine whether differences were statistical significant. Heterogeneity was assessed with χ 2 test and I2 test. R version 3.3.2 (Foundation for Statistical Computing, Vienna, Austria), and R studio version 1.0.44 Studio, Inc, (Boston, MA, USA) were employed in the statistical analysis.
Results
In the electronic search, a total of 150 articles were identified. Using the keywords "subcrestal placement and crestal placement implants", 44 items were found, of which only 11 met the inclusion criteria. With the keywords "bone loss in implants placed crestal-subcrestal", 39 items were found, and only 2 met the inclusion criteria. With "subcrestal implants crestal implants", 67 studies were obtained and 0 studies met the inclusion criteria. Three more articles that met the inclusion criteria were found in a manual search in the literature and were included.
Finally, 16 studies were included in this review for the qualitative synthesis [6, 12, [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] . Nine were randomized control trials (RCTs) and the other 7 were non-randomized control trials (non-RCT). For the quantitative synthesis regarding bone loss, 5 RCTs articles were included [6, 28, 29, 32, 35] (Figure 1 ). 
Methodological Quality Assessment
The methodological analysis of Jadad (Table 1) shows that 8 RCT presented a high scientific quality with scores of 4 and 5, except one of medium quality with a score of 3. Of the 7 non-RCT, 6 were of low quality with scores between 1 and 2 and one of medium quality with a score of 3. 
The methodological analysis of Jadad (Table 1) shows that 8 RCT presented a high scientific quality with scores of 4 and 5, except one of medium quality with a score of 3. Of the 7 non-RCT, 6 were of low quality with scores between 1 and 2 and one of medium quality with a score of 3. A positive point is awarded in the fourth and six question to the articles even if they were single-blind but well described. In implant placement it is very difficult for the surgeon to proceed if he/she does not know what type of implant placement he/she is performing. In this case, to score the Jadad point, radiographs should be evaluated by a person other than the surgeon who placed the implants. The patients were blinded about which implant was the control or test implant. However, due to the nature of the study, the implant surgeon could not be blinded to the treatment assignment.
Characteristics of Studies Included
Of 9 RCTs, 5 did not find significant differences in bone loss [12, 24, 26, 27, 32] , two articles found a higher loss of bone in implants placed at the subcrestal level [6, 29] and 2 articles found less bone loss in implants placed at the subcrestal level [28, 35] .
Of 7 non-RCTs, 5 did not found significant differences between crestal and subcrestal implants [22, 23, 25, 30, 31] . One study found that subcrestal implants presented less bone loss, though statistical significance was not reached [33] and one study found grater bone loss in subcrestal implants [34] .
The majority of the studies analyzed uniquely the crestal and subcrestal positions, except for 4 studies that in addition analyzed the supracrestal position [22, 30, 32, 34] . A total of 1346 implants were placed, of which, 1093 were included in this review and the remaining 253 were excluded because they were placed in the supracrestal position. Of 1093 implants included, 604 implants were placed subcrestally, and 489 were placed at the crestal level. Fourteen articles reported the age of the participants, which ranged from 23 to 82 years, the other two articles did not report it [31, 33] . The number of patients treated varied between 9 and 85. Of 16 articles, 10 (62.5%) did not obtain significant differences between crestal or subcrestal implants in terms of bone loss. For the remaining 6 articles (37.5%), 3 found greater bone loss in implants placed at subcrestal level, while the other 3 remaining articles found the opposite, more bone loss in the implants placed at the crestal level. Of 1093 implants, 698 were placed in two stages, 302 in one stage and 93 were immediate loading. The subcrestal implants were installed in a depth ranging from −0.5 mm to −3.4 mm apical to the alveolar ridge and the crestal implants were placed between 0.0 mm and a maximum of 0.75 mm above the level of the crestal bone. With respect to the timing of implant placement, in a study with a sample of 20 implants, all were placed post-extraction [27] , 6 studies declared that the implants were placed on healed edentouls ridges. In 3 studies implants were placed at least 3 months after the healing of the dental alveolus. In 1 article, implants were placed 6 months after extraction while 6 studies did not report this information. Of the 16 studies, only 3 performed immediate loading, of these 3, two found no significant differences [12, 26] and one found greater loss in implants placed at the crestal level [33] . Of the 13 studies with delayed loading, 8 did not find significant differences [22] [23] [24] [25] 27, [30] [31] [32] , 2 found greater loss in implants placed at crestal level [28, 35] and 3 found greater loss in implants placed at subcrestal level [6, 29, 34] (Table 2a ,b). The average survival rate was particularly high and equal to 99.4%, representing 629 implants for the studies reporting it. Four studies, representing 464 implants, did not report the survival rate [23, 25, 31, 34] .
In the RCT studies the follow-up of implants placed varied from 3 to 36 months while in the non-RCT it ranged from 1 to 155.35 months (Table 2a,b) .
Characteristics of the Implants
Six articles described the type of implants' surface used [12, 22, 27, [33] [34] [35] , the rest did not report it. Regarding the length of the implants, this ranged from 8 to 14 mm and was reported in 6 studies [6, 23, 24, 28, 29, 32] , the diameters varied from 3.3 to 5 mm and was reported in 8 studies [6, 23, 24, [27] [28] [29] 32, 35] (Table 3) . With respect to the implants' connection, in 11 studies implants were characterized by internal connection [6, 12, [22] [23] [24] [26] [27] [28] [29] [33] [34] [35] , 8 of them using a Morse taper connection [12, 22, 24, [26] [27] [28] [29] 33] . Two studies did not report the type of connection used [25, 30] . One study used external connection [31] and one study combined external connection with internal connection both for implants placed at crestal and subcrestal level [34] . In the rest of the studies, the implants used had the same characteristics. The implant-related characteristics of studies are reported in Table 3 .
Bone Loss
Among the 16 studies considered, in 10 there were no significant differences between the two groups with respect to bone loss. In 3 studies, one non-RCT [34] and two RCTs [6, 29] with similar characteristics among them, with the exception of platform-switched that was not used in the non-RCT study, the bone loss was significantly higher for subcrestal implants. These implants were placed in two stages, with a follow-up of between 24 and 36 months. In the remaining 3 articles, 2 RCTs [28, 35] , and 1 non-RCT [33] , the opposite occurred: Fickl et al. (2010) [35] and Vervaeke et al. (2018) [28] with a follow up of 24 and 12 months respectively, both placed in one stage, subcrestal implants showed better bone levels than the implants placed at crestal level. In the remaining article, Degidi et al. (2011) [33] , with a follow up of 2 months, the implants placed at subcrestal level found preexisting and newly formed bone over the implant shoulder.
From the RCT studies, the highest amount of bone loss detected around subcrestal and crestal implants was exactly the same: 1.22 mm [6] and 1.22 mm [35] respectively.
Ten studies showed an average of bone loss of less than 1 mm in subcrestal implants and 11 studies a loss of less than 1 mm in crestal implants (Table 2a ,b).
Quantitative Analysis in Bone Loss
A meta-analysis was performed to analyze the mean differences of crestal bone loss between RCT studies. Of the 9 RCT; five randomized studies [6, 28, 29, 32, 35] provided valid data to be included in the meta-analysis as they evaluated radiologically crestal bone loss of implants placed at crestal (n = 100) and at subcrestal level (n = 164) with a follow up period between 12 and 18 months. In addition, the five studies considered used the same type of implant connections (i.e., internal). Two studies were not included in the meta-analysis because the bone loss evaluation was not carried over with an intraoral/panoramic radiography. More precisely, a clinical evaluation with a probe was performed on Koh et al. (2011) [27] and a CBCT analysis was performed on Koutouzis et al. 2016 [26] . Additionally, the other two studies were not included in the meta-analysis due to the fact that they reported uniquely a follow-up period up to 8 months [12] and 3 months [24] respectively. The forest plot (Figure 2) shows a crestal bone loss mean difference of 0.028 mm and a p-value = 0.92 (95% CI (Confidence Interval): −0.591 to 0.648, heterogeneity I 2 = 98.65%, p ≤ 0.001).
The negative values shown in the forest plot represent a higher crestal bone loss for the subcrestal group. While positive ones represent higher loss of bone for the crestal group.
With respect to the non-RCT studies, a meta-analysis could not be carried out due to the high level of heterogeneity between the studies included in the review. The main difference comes from the length of the follow-up periods which varies substantially in five out of seven studies: 1-2 months [33] [34] had comparable follow-up periods of 24 months and 36 months respectively. Nevertheless, in their case, the connection of the implants varied; being only external in one of the articles [31] and both external and internal in the other article [34] . Since differences in the connection may induce a bias in the result, we could not perform a meta-analysis for the non-RCT studies.
an The negative values shown in the forest plot represent a higher crestal bone loss for the subcrestal group. While positive ones represent higher loss of bone for the crestal group.
With respect to the non-RCT studies, a meta-analysis could not be carried out due to the high level of heterogeneity between the studies included in the review. The main difference comes from the length of the follow-up periods which varies substantially in five out of seven studies: 1-2 months 
Soft Tissue
Regarding the soft tissue, in 4 studies no significant differences were found between both vertical positions [12, 23, 29, 32] . Koh et al. (2011) [27] , found better results for the subcrestal implants in terms of keratinized tissue width, the difference being statistically significant. Palaska et al. (2016) [24] , found a significant and highest values in the modified gingival index for the crestal group. Degidi et al. (2011) [33] , were the only ones who performed a histological analysis, the implants were retrieved from patients two months after their placement. In implants placed at the crestal level, dense connective tissue was found in the coronal area of the implant, while in subcrestal implants no gaps or fibrous connective tissue were found at the interface of the implant. Vervaeke et al. (2018) [28] , found a significant correlation between soft tissue thickness and bone level alterations after 6 months, with higher bone loss for crestal implants when thin tissue was present.
In 8 studies considered in this review, soft tissue was not analyzed (Table 4) . Keratinized tissue width: no differences in two groups Vertical mucosa thickness: no differences in two groups Tissue recession: no differences in two groups Plaque index bleeding on probing: peri-implant tissues were checked and found healthy at every follow-up return in the two groups Koutouzis et al. 2014 [26] Not Analyzed
Koh et al. 2011 [27] Keratinized tissue width: from baseline to 4 months was 0.7 ± 0.2 mm for the crestal group and 1.7 ± 0.4 mm for the subcrestal group being statistically significantly 
Discussion
As described in the result section, in 10 studies there were no statistically significant differences between implants placed at crestal and subcrestal level with respect to bone loss around them. Three studies found a greater loss in implants placed at the subcrestal level and the 3 remaining studies found the opposite, a better preservation of the bone in the subcrestal implants. According to the vast majority of these studies, there is no difference of bone loss between implants placed at crestal or subcrestal level. Furthermore, as seen in our meta-analysis with a selected homogenous sample, a crestal bone loss occurs in both cases, and the difference is not statistically significant.
If we take into account that every time we place an implant we expect a loss of bone that can cause the implant exposure, aesthetic problems and the risk of suffering perimplant pathologies, it seems natural to think that positioning the implant deeper with respect to the bone crest may be favorable in order to avoid these potential drawbacks.
In the last few decades, researchers devote substantial effort to shed more light over the causes responsible for the small loss of bone occurring when an implant is placed especially after the first months following the placement. As pointed out in the results of this review, the vertical position of the implant with respect to the bone does not seem to be the main cause of bone loss. This conclusion is as well in line with the results obtained in Gualini et al. (2017) [36] , where no significant differences regarding bone loss were found for implants placed in different subcrestal positions. Instead, we might speculate that the loss of bone could differ if we take into account the interaction of more than one factor simultaneously in addition to the vertical position of the implant such as the platform switching, the type of connection, the soft tissue characteristics, or the biological width. In the following, we will analyze the impact of each one of these factors on bone loss with respect to the crestal and subcrestal placing of the implant.
Platform-Switching in Relation to the Vertical Position of the Implant
In the concept of platform-switching, the implant/abutment junction moves towards the center of the implant, with the aim of separating the bacterial filtration from the crestal bone [37] . This type of design, thanks to the narrowing of the implant/abutment junction may help to minimize the invasion of the biological width [33] .
It is not clear whether platform switching can help to prevent bone loss. Within this review, 6 studies found differences between crestal and subcrestal implants, 5 of them used the concept of platform-switching and two of them found a greater bone loss in implants placed at the subcrestal level [6, 29] . This result could possibly be attributed to a deeper implant placement that would be related to deeper pocketing and inflammation [6] . The other three studies [28, 33, 35] in contrast, found less bone loss in subcrestal implants when the platform-switching was used. Several authors advocate in favor of the platform switching based on the reduced bone loss observed as a result of its use [31, 38, 39] . Nevertheless, more research is needed with longer follow-up periods to determine if platform-switching is more beneficial in terms of reducing bone loss.
Connection in Relation to the Vertical Position of the Implant
With respect to the implants' connection, almost the totality of the studies considered in this review used internal connection and only one study combined internal connection with external connection between implants placed at crestal and subcrestal level [34] . In this study they found a higher bone loss in implants placed at the subcrestal level both for internal and for external connections. This result is in line with a recent systematic review comparing internal and external connection and pointing out that there are not enough evidences to conclude that one connection is better than the other with respect to marginal bone loss [40] . Nevertheless, several clinical studies have suggested that the Morse taper connection with subcrestal implant could be favorable to prevent bone loss, being most efficient in terms of bacterial sealing and prosthetic stability [33, 40] .
Soft Tissue Response to Crestal and Subcrestal Implants
According with the results presented in the study of Verveake et al. (2018) [28] , included in this review, in areas with thin soft tissue, we could anticipate bone remodeling if we adapt the position of the implant with a more subcrestal placement in relation to the existing soft tissue.
Biological Width in Relation to the Vertical Position of the Implant
The biological width is present in natural teeth and is composed of the epithelial junction and connective tissue. Abrahamsson et al., (1996) [41] , demonstrated that this space is also formed around dental implants. According to Oh et al. (2002) [42] , the bone remodeling of the crest is influenced by a variety of factors including the facilitation of the formation of the biological width around the implant with the objective of creating a barrier against the oral flora. The bone remodeling lasts one year after placing the implant, being more accentuated at the beginning, and it starts either the same day of the placement of the implant, if a pillar is placed immediately and the implant is exposed to the oral environment (one stage), or in a second moment if the pillar is placed later (two stages) [43] . It is for this reason that in our inclusion criteria we decided to accept studies with short follow-up periods, as long as the implants were placed mostly in one stage. The formation of biological width around implants could influence the bone remodeling and this fact might explain why the resorption is more pronounced during the first year, as reported in all the articles included in this review. Of the studies included in this review, Vervaeke et al. (2018) [28] is the only one that took into account bone remodeling and biological width, obtaining favorable results. In their study, the thickness of the soft tissue was measured before placing the implants and a non-random systematic assignment was applied to determine the position of the subcrestal implant while adapting it to the thickness of the soft tissue, leaving at least 3 mm of space for the establishment of the biological width. If a patient was characterized by having 2 mm of the width of the mucosa, they considered placing the implant 1 mm below the crest in order to anticipate bone remodeling and avoid future exposure of the implant.
As suggested by Kan et al. (2010) [44] , the gingival biotype can be considered thin if the measurement is ≤1.0 mm and thick if it measures >1.0 mm. Several studies reported an increase in bone loss in implants placed at the crestal level with thin biotypes and have concluded that a minimum amount of keratinized tissue is needed around the implants to reduce tissue recession [45, 46] and crestal bone loss [28, 42, [47] [48] [49] .
Conclusions
The existing literature is not yet conclusive on whether one of these positions of implant placement is superior to the other. In this review we observed that in the vast majority of articles there are no differences and that the loss of bone that always occurs when an implant is placed, is not due strictly to the location of the implant with respect to the bone, as it continues to occur in both vertical positions.
Moreover, appropriate clinical results with a high survival rate and a similar bone loss were obtained both for crestal and subcrestal implants' placement.
Although, with respect to soft tissue, in presence of a thin tissue, a subcrestal placement of the implant should be preferred as it may reduce the probability for the implant to get exposed in the future and thus, avoiding the risk of suffering from peri-implant pathologies. Nevertheless, to fully support this statement, more precisely designed and more homogenous clinical trials with larger samples and longer follow-up periods are needed.
